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SWITCHABLE RATCHETING WEDGE
CLUTCH

TECHNICAL FIELD

The present disclosure relates to a ratcheting wedge clutch
switchable among locked, one-way, and freewheel modes.

BACKGROUND

Ratcheting clutches, operating 1n one-way mode or free-
wheel mode, are known.

SUMMARY

According to aspects 1llustrated herein, there 1s provided
a switchable ratcheting clutch, including: an axis of rotation;
an 1nner race mcluding a pocket; an outer race; and a pawl
including a portion disposed 1n the pocket and pivotable
within the pocket. In a locked mode of the switchable
ratcheting clutch: the pawl contacts the outer race; and the
pawl, the inner race, and the outer race are non-rotatably
connected. In a one-way mode of the switchable ratcheting
clutch: the pawl contacts the outer race; and relative rotation
of the inner race around the axis of rotation and with respect
to the outer race 1s enabled only 1n a first circumierential
direction. In a freewheel mode of the switchable ratcheting
clutch: the pawl 1s free of contact with the outer race; and the
inner race 1s rotatable around the axis of rotation and with
respect to the outer race 1n the first circumierential direction
and 1n a second circumierential direction, opposite the first
circumierential direction.

According to aspects illustrated herein, there 1s provided
a switchable ratcheting clutch, including: an axis of rotation;
an iner race including a pocket; an outer race; a cage
radially disposed between the inner race and the outer race
and including a ramp sloping radially imnwardly in a first
circumfierential direction around the axis of rotation; and a
pawl 1including a portion disposed 1n the pocket and pivot-
able around a pivot axis parallel to the axis of rotation and
passing through the portion, a first circumierential end, and
a second circumierential end. In a locked mode of the
switchable ratcheting clutch: the ramp contacts the pawl; the
first circumierential end contacts the outer race; and the
inner race and the outer race are non-rotatably connected. In
a one-way mode of the switchable ratcheting clutch: the
second circumierential end contacts the outer race; and
relative rotation of the mner race around the axis of rotation
and with respect to the outer race 1s enabled only 1n a second
circumierential direction, opposite the first circumierential
direction. In a freewheel mode of the switchable ratcheting
clutch: the pawl 1s free of contact with the outer race; and the
iner race 1s rotatable, with respect to the outer race, 1n the
first circumierential direction and in the second circumfier-
ential direction. The cage 1s arranged to be rotated, around
the axis of rotation and with respect to the inner race, by an
actuator to switch the switchable ratcheting clutch among
the locked mode, the one-way mode, and the freewheel
modes.

According to aspects illustrated herein, there 1s provided
a switchable ratcheting clutch, including: an axis of rotation;
an 1nner race mcluding a pocket and a radially outermost
surface; an outer race; a cage radially disposed between the
inner race and the outer race and including a ramp sloping
radially inwardly in a first circumierential direction; a pawl
including a portion pivotably disposed 1n the pocket, a first
circumfierential end, and a second circumierential end; and
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a resilient element 1n contact with the inner race and the first
circumierential end, and urging the pawl around a pivot axis
passing through the portion of the pawl and parallel to the
axis of rotation. In a locked mode of the switchable ratch-
cting clutch: the cage 1s 1n a first circumiferential position
around the axis of rotation and with respect to the inner race;
the ramp contacts the pawl; the second circumierential end
ol the pawl contacts the outer race; and the 1nner race and the
outer race are non-rotatably connected. In a one-way mode
of the switchable ratcheting clutch: the cage 1s 1n a second
circumierential position around the axis of rotation and with
respect to the 1nner race; the first circumiferential end of the
pawl contacts the outer race; and relative rotation of the
inner race around the axis of rotation and with respect to the
outer race 1s enabled only 1 a second circumierential
direction, opposite the first circumierential direction. In a
freewheel mode of the switchable ratcheting clutch: the cage
1s 1n a third circumiferential position around the axis of
rotation and with respect to the inner race; the ramp contact
the pawl; and the 1nner race 1s rotatable with respect to the
outer race 1n the first circumiferential direction and 1n the
second circumierential direction. The cage 1s arranged to be
rotated, around the axis of rotation and with respect to the
inner race, by an actuator to switch the switchable ratcheting

clutch among the locked mode, the one-way mode, and the
freewheel modes.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments are disclosed, by way of example
only, with reference to the accompanying schematic draw-
ings 1n which corresponding reference symbols indicate
corresponding parts, in which:

FIG. 1 1s a side view of a switchable ratcheting clutch;

FIG. 2 1s a front view of the switchable ratcheting clutch
shown 1n FIG. 1 1n a locking mode;

FIG. 3 1s a front view of the switchable ratcheting clutch
shown 1n FIG. 1 1n a one-way mode;

FIG. 4 1s a front view of the switchable ratcheting clutch
shown 1n FIG. 1 1n a freewheel mode;:

FIG. 5 1s a cross-sectional view generally along line
5,6,7-5,6,7 in F1G. 1 with the switchable ratcheting clutch 1n
the locked mode;

FIG. 6 1s a cross-sectional view generally along line
5,6,7-5,6,7 1n FIG. 1 with the switchable ratcheting clutch n
in the one-way mode;

FIG. 7 1s a cross-sectional view generally along line
5,6,7-5,6,7 in FI1G. 1 with the switchable ratcheting clutch 1n
the freewheel mode;

FIG. 8 1s a back 1sometric view of a cage of the switchable
ratcheting clutch shown 1n FIG. 1;

FIG. 9 1s a back 1sometric view of the switchable ratch-
cting clutch shown 1n FIG. 3 with an outer race removed;

FIG. 10 1s a detail of area 10 1n FIG. 5;

FIG. 11 1s a cross-sectional view generally along line
11-11 1 FIG. 2;

FIG. 12 1s a detail of area 12 in FIG. 6; and

FIG. 13 1s a detail of area 13 1n FIG. 7.

DETAILED DESCRIPTION

At the outset, i1t should be appreciated that like drawing
numbers on different drawing views identify identical, or
functionally similar, structural elements of the disclosure. It
1s to be understood that the disclosure as claimed 1s not

limited to the disclosed aspects.
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Furthermore, it 1s understood that this disclosure 1s not
limited to the particular methodology, materials and modi-
fications described and as such may, of course, vary. It1s also
understood that the terminology used herein i1s for the
purpose of describing particular aspects only, and 1s not
intended to limit the scope of the present disclosure.

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood to one of ordinary skill in the art to which this
disclosure belongs. It should be understood that any meth-
ods, devices or materials similar or equivalent to those
described herein can be used 1n the practice or testing of the
disclosure.

FIG. 1 1s a side view of switchable ratcheting clutch 100.

FIG. 2 1s a front view of switchable ratcheting clutch 100
shown 1n FIG. 1 1n a locking mode.

FIG. 3 1s a front view of switchable ratcheting clutch 100
shown 1n FIG. 1 in a one-way mode.

FI1G. 4 1s a front view of switchable ratcheting clutch 100
shown 1n FIG. 1 1n a freewheel mode. The following should
be viewed 1n light of FIGS. 1 through 4. Switchable ratch-
cting clutch 100 includes: axis of rotation AR; inner race
102; outer race 104; pawls 106; cage 108; and resilient
clements 110. Inner race 102 includes indentations 111 and
pockets 112. Resilient elements 110 are partly located in
indentations 111 and are engaged with inner race 102 and
pawls 106. In the example of FIG. 1, clements 110 are in
contact with 1nner race 102 and pawls 106. Each pawl 106
includes portion 114 disposed 1n a respective pocket 112.
Cage 108 1s radially disposed between inner race 102 and
outer race 104 so that line L1, originating at axis AR and
orthogonal to axis AR, passes through 1n sequence: 1nner
race 102, cage 108, and outer race 104. Stated otherwise,
iner race 102, cage 108, and outer race 104 are sequentially
aligned, or positioned, radially outwardly.

FIG. 5 1s a cross-sectional view generally along line
5,6,7-5,6,7 in FIG. 1 with switchable ratcheting clutch 100
in the locked mode.

FIG. 6 1s a cross-sectional view generally along line
5,6,7-5,6,7 1n FIG. 1 with switchable ratcheting clutch 100
in the one-way mode.

FIG. 7 1s a cross-sectional view generally along line
5,6,7-5,6,7 1n FIG. 1 with switchable ratcheting clutch 100
in the freewheel mode. The following should be viewed 1n
light of FIGS. 1 through 7. P1ivot axis PA are: parallel to axis
AR; pass through portions 114; and pass through pockets
112. For example, an axis PA passes through pocket 112A
and portion 114A. Portions 114 are fixed with respect to
inner race 102 1n opposite circumierential directions CD1
and CD2 around axis AR. By *“around axis AR” we mean
that directions CD1 and CD2 1dentily directions of rotation
around axis AR. Portions 114 are radially fixed with respect
to inner race 102. Thus, portions 114 are pivotable about axis
PA within pockets 112, but cannot be displaced, with respect
to inner race 102, circumierentially or radially inwardly or
outwardly.

Clutch 100 has three operating modes: a locked mode; a
one-way mode; and a freewheel mode. In the locked mode:
pawls 106 contact outer race 104; and inner race 102 and
outer race 104 are non-rotatably connected. For example,
inner race 102 and outer race 104 are non-rotatably con-
nected for: torque T1 applied to inner race 102 in circum-
terential direction CD1; torque T2 applied to inner race 102
in circumierential direction CD2, opposite direction CD1;
torque T3 applied to outer race 104 1n circumierential
direction CD1; and torque T4 applied to outer race 104 1n
circumierential direction CD2.
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By “non-rotatably connected” components, we mean that:
the components are connected so that whenever one of the
components rotates, all the components rotate; and relative
rotation between the components 1s not possible. Radial
and/or axial movement of non-rotatably connected compo-
nents with respect to each other 1s possible, but not required.

In the one-way mode: pawls 106 contact outer race 104;
relative rotation of inner race 102 around axis of rotation AR
and with respect to outer race 104 1s enabled only 1n
circumfierential direction CD2: and 1nner race 102 and outer
race 104 are non-rotatably connected for a torque applied to
inner race 102 1n direction CD1, for example torque 11, or
a torque applied to outer race 104 1n direction CD2, for
example torque T4. For example: when torque T2 1s applied,
inner race 102 rotates 1n direction CD2 with respect to outer
race 104; and when torque 14 1s applied, outer race 104
rotates 1n direction CD1 with respect to inner race 102.

In the freewheel mode: pawls 106 are free of contact with
outer race 104; and rotation between inner race 102 and
outer race 104 1n both circumierential direction CD1 and
circumierential direction CD2 1s enabled. Clutch 100 1is
arranged to transition from the locked mode or the freewheel
mode to the one-way mode for torque T1 or torque T4.
Stated otherwise, clutch 100 1s arranged to transition from
the locked mode or the freewheel mode to the one-way mode
for relative rotation of mner race 102 with respect to outer
race 104 in direction CD1.

FIG. 8 15 a back 1sometric view of cage 108 of switchable
ratcheting clutch 100 shown in FIG. 1. The following should
be viewed in light of FIGS. 1 through 8. Cage 108 1s
continuous 1n directions CD1 and CD2. For example, cage
108 includes: solid portions 115; strip portions 116; and
openings 117. Strip portions 116 connect respective solid
portions 115 and bound openings 117 in opposite axial
directions AD1 and AD2, parallel to axis AR. Cage 108
includes ramps 118. In an example embodiment, ramps 118
are 1ntegral to cage 108. Cage 108 contacts radially outer
surface 119 of inner race 102. Pawls 106 extend through
respective openings 117. For example, pawl 106 A extends
through opening 117A. Each ramp 118 includes: ramp
surface 120 sloping radially inwardly 1n direction CD1; and
end 122 facing in direction CD2. Cage 108 and ramps 118
are arranged to be rotated by actuator A in directions CD1
and CD2, with respect to inner race 102, to switch clutch 100
among the locked, one-way, and freewheel modes. Actuator
A 1s schematically shown 1n FIG. 2. In an example, embodi-
ment, clutch 100 includes actuator A. Actuator A can be any
actuator known 1n the art.

In general, a reference character “[number][number]
[number][letter]” designates a specific example of an ele-
ment labeled as “[number]|[number][number].” For
example, pawl 106A 1s a specific example from among
pawls 106.

Cage 108 and ramps 118 are rotated by actuator A 1into
first, second, and third circumierential positions, around axis
AR and with respect to mner race 102, for the locked,
one-way, and freewheel modes, respectively. The first, sec-
ond, and third circumierential positions are different from
cach other. For example, using pocket 112A as a fixed
circumierential reference point for mnner race 102 (i.e.,
twelve o’clock 1n FIGS. 2 through 7), and end 122A of ramp
118 A as a point of reference for cage 108 and ramps 118: 1n
the locked mode shown 1n FIGS. 2 and 5, pocket 112A and
end 122 A are separated by angle 124 1n direction CD2; in the
one-way mode shown 1 FIGS. 3 and 6, pocket 112A and
end 122 A are separated by angle 126 in direction CD2; and
in the freewheel mode shown 1n FIGS. 4 and 7, pocket 112A
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and end 122A are separated by angle 128 in direction CD?2.
Angles 124, 126, and 128 are diflerent from each other. For
example, angle 126 1s greater than angle 128, and angle 128
1s greater than angle 124. Thus: the third circumierential
position of cage 108 and ramps 118 shown 1n FIGS. 4 and
7 1s between the second circumierential position of cage 108
and ramps 118 shown i FIGS. 3 and 6 and the first

circumierential position of cage 108 shown i FIGS. 2 and
5.

FIG. 9 1s a back 1sometric view of switchable ratcheting
clutch 100 shown 1 FIG. 3 with outer race 104 removed.

FIG. 10 1s a detail of area 10 in FIG. 5.

FIG. 11 1s a cross-sectional view generally along line
11-11 i FIG. 2.

FIG. 12 1s a detail of area 12 in FIG. 6.

FIG. 13 1s a detail of area 13 in FIG. 7. The following
should be viewed in light of FIGS. 1 through 13 and
provides further detail regarding the structure and operation
of clutch 100. Pawls 106 include circumferential ends 130
and 132. Pawls 106 are pivotable about axis PA 1n opposite
pivot direction PD1 and PD2. Resilient elements 110 urge
pawls 106 with force F 1 direction PD1 about axis PA.
Pawls 106 are in first, second, and third pivot, or circum-
terential, positions with respect to pivot axis PA and 1n
direction PD1, for the locked, one-way, and freewheel
modes, respectively. The three pivot or circumierential posi-
tions are different from each other. For example, using end
132A on pawl 106A as a reference, 1t 1s clear that: in the
one-way mode, pawl 106A 1s pivoted further around axis PA
in direction PD1 than in the freewheel or locked modes; and
in the freewheel mode, pawl 106 A 1s pivoted further around
axis PA 1n direction PD1 than in the locked mode. Stated
otherwise, the circumierential positions of pawls 106 refer to
different degrees of rotation of pawls 106 about axis PA.
In an example embodiment: outer race 104 includes
circumierentially disposed groove 134 opeming radially
inwardly, extending radially outwardly into outer race 104,
and bounded circumiferentially (1n directions CD1 and CD2)
and radially outwardly in direction RD by wall 135 1
material M forming outer race 104; and ends 130 includes
surfaces 136.

The discussion below 1s directed to: pawl 106 A ; resilient
clement 110A; pocket 112A; and ramp 118A; however it
should be understood that the discussion 1s applicable to the
entirety of clutch 100, for example to each grouping of a
pawl 106, a respective pocket 112 1n which portion 114 of
the pawl 106 1s located; and a respective ramp 118 arranged
to contact the pawl. In the locked mode: ramp surface 120A
contacts end 130A and pivots pawl 106A 1n direction PD2;
end 132A compresses resilient element 110A against force
F; surface 136A of circumierential end 132A 1s pivoted 1n
direction PD2 to contact and non-rotatably connect to wall
135; and ramp 118A prevents resilient element 110A and
force F from pivoting pawl 106A 1n direction PD1.

In an example embodiment, outer race 104 includes
protrusions 138. Protrusions 138: are axially ofl-set from
groove 134; extend radially inwardly; and include surfaces
140 facing at least partly 1n direction CD2. To shift from the
locked mode to the one-way mode: actuator A rotates cage
108 and ramp 118A, with respect to mner race 102, 1n
direction CD2; ramp surface 120A slides along end 130A 1n
direction CD2 and disengages from pawl 106A; force F of
resilient element 110A pivots pawl 106A 1n direction PD1;
surface 136 A disengages from wall 135; and end 132A
contacts surface 140A of protrusion 138A. Torque T1 urges
end 132A mto contact with protrusion 138A and surface
140A, and torque T4 urges protrusion 138A and surface
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140A 1into contact with end 132A. For torque T2 or T3,
pawls 106 “ratchet” along protrusions 138. For example,
ends 132 slide along surface 142 (facing radially inwardly)
and surface 144 (facing at least partly in direction CD1) of
protrusions 138 without being blocked by surface 142 and
144, since surfaces 142 and 144 do not face in direction
CD2. Thus, 1n the one-way mode, ends 132 are either 1n
contact with at least one surface 140, surface 142, or surface
144.

To shift from the locked mode to the freewheel mode:
actuator A rotates cage 108 and ramp 118A in direction CD2;
surface 120A slides along end 130A 1n direction CD2;
surface 120A remains 1n contact with end 130A; force F of
resilient element 110A pivots pawl 106A 1n direction PD1;
surface 136A disengages from wall 135; and end 132A
remains iree of contact with race 104, in particular with
protrusions 138. Ramp 118 A blocks turther pivoting of pawl
106 A 1n direction PD1, to prevent end 132 A from contacting
protrusions 138. Further, force F urges end 130A into
contact with ramp 118A, fixing the position of pawl 106 A
about axis PA and preventing umintentional pivoting of pawl
106 A about axis PA and unintentional contact between pawl
106 A and outer race 104. Thus, pawl 106 A does not engage
outer race 104.

To shift from the one-way mode to the locked mode:
actuator A rotates cage 108 and ramp 118 A 1n direction CD1;
surface 120A contacts and slides along end 130A 1n direc-
tion CD1; ramp 118A pivots pawl 106A 1n direction PD2
against force F; surface 136A contacts and non-rotatably
connects to wall 135; end 132 A disengages from protrusion
138A; and ramp 118A prevents resilient element 110A and
force F from pivoting pawl 106A 1n direction PD1.

To shift from the one-way mode to the freewheel mode:
actuator A rotates cage 108 and ramp 118A in direction CD1;
surface 120A contacts pawl 106 A and slides along end 130A
in direction CD1; ramp 118A pivots pawl 106 A 1n direction
PD2 against force F; end 132A disengages from protrusion
138A: and surface 136 A remains free of contact with wall
135. As noted above, force F urges end 130A 1nto contact
with ramp 118 A, fixing the position of pawl 106 A about axis
PA.

To shift from freewheel mode to the locked mode: actua-
tor A rotates cage 108 and ramp 118A 1n direction CD1;
surface 120A shides along end 130A 1n direction CD1; ramp
118 A pivots pawl 106A 1n direction PD2 and against force
F; surface 136 A contacts and non-rotatably connects to wall
135; end 132A compresses resilient element 110A and
remains free ol contact with outer race 104 and protrusions
138; and ramp 118A prevents resilient element 110A and
force F from pivoting pawl 106A 1n direction PDI1.

To shift from the freewheel mode to the one-way mode:
actuator A rotates cage 108 and ramp 118A in direction CD2;
surface 120A shides along end 130A 1n direction CD2; ramp
118A disengages from pawl 106A; resilient element 110A
and force F pivot pawl 106 A 1n direction PD1; end 132A
contacts surface 140A of protrusion 138A; and surface 136 A
remains free ol contact with wall 135.

In the locked mode, portion 146 of ramp surface 120A
contacts pawl 106A. In the freewheel mode, portion 148 of
ramp surface 120A contacts pawl 106A. Portion 146 1s
larger than portion 148.

In an example embodiment, at least a portion of wall 135
1s located radially outwardly of protrusions 138 and 1is
axially offset from protrusions 138. In an example embodi-
ment, outer race 104 includes protrusions 150 and groove
134 1s axially disposed between protrusions 138 and 150.
Protrusions 150 mirror protrusions 138. Therefore, for
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example, in the one-way mode, ends 132 contact respective
pair of protrusions 138 and 150.

In the example of FIGS. 1-13, clutch 100 1s shown with
four each of: pawls 106; resilient elements 110; and ramps

118. However, 1t should be understood that other numbers of 5

pawls 106; resilient elements 110; and ramps 118 of clutch
100 are possible.

It will be appreciated that various of the above-disclosed
and other features and functions, or alternatives thereof, may
be desirably combined into many other different systems or
applications. Various presently unforeseen or unanticipated
alternatives, modifications, variations, or improvements
therein may be subsequently made by those skilled 1n the art
which are also intended to be encompassed by the following
claims.

LIST OF REFERENCE CHARACTERS

A actuator

AR axis of rotation

AD1 axial direction

AD?2 axial direction

CD1 circumiferential direction

CD2 circumiferential direction

F force

L1 line

M maternial, outer race

PA pivot axis

PD1 pivot direction

PD2 pivot direction

RD radial direction

11 torque

12 torque

13 torque

14 torque

100 switchable ratcheting clutch

102 inner race

104 outer race

106 pawl

106A pawl

108 cage

110 resilient element

110A resilient element

111 indentation, inner race

112 pocket, 1nner race

112 A pocket, mnner race

114 portion, pawl

114 A portion, pawl

115 solid portion, cage

116 strip portion, cage

117 opening, cage

117A opening, cage

118 ramp, cage

118 A ramp, cage

119 radially outer surface, inner race
120 ramp surface

120A ramp surface

122 end, ramp

122A end, ramp

124 angle
126 angle
128 angle
130 circumierential end, pawl

130A circumierential end, pawl

132 circumierential end, pawl

132A circumierential end, pawl

134 circumierentially disposed groove, outer race
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135 wall, groove

136 surface, pawl

136 A surface, pawl

138 protrusion, outer race
138 A protrusion, outer race
140 surface, protrusion
140A surface, protrusion
142 surtace, protrusion
144 surface, protrusion
146 portion, ramp surface
148 portion, ramp surface
150 protrusion, outer race

The mvention claimed 1s:

1. A switchable ratcheting clutch, comprising;

an axis of rotation:

an inner race mcluding a pocket;

an outer race;

a cage radially disposed between the inner race and the
outer race and including a ramp sloping radially
inwardly 1n a first circumierential direction; and,

a pawl including a portion:
disposed 1n the pocket; and,
pivotable within the pocket, wherein:

in a locked mode of the switchable ratcheting clutch:
the pawl contacts the outer race; and,

the pawl, the inner race, and the outer race are
non-rotatably connected;

in a one-way mode of the switchable ratcheting
clutch:
the pawl contacts the outer race; and,
relative rotation of the inner race around the axis

of rotation and with respect to the outer race 1s
enabled only 1n a second circumierential direc-
tion, opposite the first circumierential direction;
and,

in a freewheel mode of the switchable ratcheting
clutch:

the ramp contacts the pawl;

the pawl 1s free of contact with the outer race; and,

the inner race 1s rotatable around the axis of
rotation and with respect to the outer race 1n the
first circumierential direction and in the second
circumierential direction.

2. The switchable ratcheting clutch of claim 1, wherein:

the ramp 1s:
in contact with the pawl in the locked mode; and,
free of contact with the pawl 1n the one-way mode; and,

the cage 1s arranged to be rotated, around the axis of
rotation and with respect to the inner race, by an
actuator to switch the switchable ratcheting clutch
among the locked mode, the one-way mode, and the
freewheel modes.

3. The switchable ratcheting clutch of claim 1, wherein:

the outer race includes a circumierentially disposed
groove bounded circumierentially and radially out-
wardly by a wall 1n a material forming the outer race;

a surface of the pawl is located 1n the circumierentially
disposed groove; and,

in the locked mode, the surface of the pawl contacts the
wall.

4. The switchable ratcheting clutch of claim 3, wherein:

the outer race includes a plurality of protrusions extending
radially inwardly;

in the one-way mode, the pawl contacts a protrusion
included in the plurality of protrusions; and,
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the wall:

extends radially outward past the plurality of protru-
sions; and,
1s axially off-set from the plurality of protrusions.

5. The switchable ratcheting clutch of claim 1, further s
comprising;
a resilient element engaged with the mner race and the

6.

pawl, wherein:

the pawl 1ncludes a pivot axis parallel to the axis of
rotation, passing through the portion of the pawl, and
passing through the pocket;

the outer race includes a plurality of protrusions
extending radially inwardly;

in the one-way mode, the resilient element urges the
pawl about the pivot axis and into contact with a
protrusion included in the plurality of protrusions;

in the freewheel mode, the resilient element urges the
pawl about the pivot axis and into contact with the
ramp; and,

the cage 1s arranged to be rotated, around the axis of
rotation and with respect to the inner race, by an
actuator to switch the switchable ratcheting clutch
among the locked mode, the one-way mode, and the
freewheel modes.

The switchable ratcheting clutch of claim S5, wherein:

the resilient element urges the pawl about the pivot axis

with a force; and.,

the force and the contact between the pawl and the ramp

7.

fix a position of the pawl about the pivot axis.
The switchable ratcheting clutch of claim 1, wherein:

in the locked mode, a first portion of the ramp contacts the

pawl;

in the freewheel mode, a second portion of the ramp

contacts the pawl; and,

the first portion 1s larger than the second portion.

8.

The switchable ratcheting clutch of claim 1, wherein in

the one-way mode, the inner race i1s non-rotatably connected
to the outer race for:
a torque applied to the mner race 1n the first circumier-

ential direction; or,

a torque applied to the outer race 1n the second circum-

9.

ferential direction.
The switchable ratcheting clutch of claim 1, wherein:

the pawl includes a first circumierential end and a second

circumfterential end;

the outer race includes a plurality of protrusions extending

radially inwardly;

in the locked mode, the first circumierential end contacts

the outer race; and.,

in the one-way mode, the second circumierential end

contacts the plurality of protrusions.

10. The switchable ratcheting clutch of claim 1, wherein:
the outer race includes a plurality of protrusions extending

radially imnwardly;

a protrusion 1n the plurality of protrusions includes a first

surface facing at least partly in the second circumier-
ential direction; and,

in the one-way mode and for rotation of the 1nner race in

the first circumiferential direction, the pawl contacts the
first surface of the protrusion included 1n the plurality
ol protrusions.

11. The switchable ratcheting clutch of claim 1, wherein

the switchable ratcheting clutch 1s arranged to transition to
the one-way mode from the locked mode or from the

freewheel mode for relative rotation of the inner race, with
respect to the outer race, 1n the first circumierential direc-

tion.
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12. A switchable ratcheting clutch, comprising:
an axis of rotation;

an inner race mcluding a pocket;

an outer race;

a cage:

radially disposed between the inner race and the outer
race; and,

including a ramp sloping radially imnwardly in a first
circumfierential direction around the axis of rotation;
and,

a pawl including;:

a portion disposed in the pocket and pivotable around
a pivot axis parallel to the axis of rotation and
passing through the portion;

a first circumierential end; and.,

a second circumferential end, wherein:
in a locked mode of the switchable ratcheting clutch:

the ramp contacts the pawl;

the first circumierential end contacts the outer
race; and,
the inner race and the outer race are non-rotatably

connected:

in a one-way mode of the switchable ratcheting
clutch:
the second circumierential end contacts the outer

race; and,
relative rotation of the inner race around the axis
ol rotation and with respect to the outer race 1s
enabled only 1n a second circumierential direc-
tion, opposite the first circumierential direction;
in a freewheel mode of the switchable ratcheting
clutch:

the pawl 1s free of contact with the outer race; and,

the mner race 1s rotatable, with respect to the outer
race, 1n the first circumferential direction and 1n
the second circumferential direction; and,

the cage 1s arranged to be rotated, around the axis of
rotation and with respect to the 1mnner race, by an
actuator to switch the switchable ratcheting clutch
among the locked mode, the one-way mode, and
the freewheel modes.

13. The switchable ratcheting clutch of claim 12, further
comprising:
a resilient element:

in contact with the pawl and with the mner race; and,
urging the pawl around the pivot axis, wherein 1n the
one-way mode, the resilient element urges:
the second circumierential end into contact with the
outer race; and,
the first circumferential end out of contact with the
outer race.

14. The switchable ratcheting clutch of claim 13, wherein
the portion of the pawl 1s circumiferentially disposed
between the ramp and the resilient element.

15. The switchable ratcheting clutch of claim 12, wherein:

in the locked mode, a first portion of the ramp contacts the

pawl;

in the freewheel mode, a second portion of the ramp

contacts the pawl; and,

the first portion 1s larger than the second portion.

16. The switchable ratcheting clutch of claim 12, wherein
in the one-way mode, the ramp 1s iree ol contact with the
pawl.

17. The switchable ratcheting clutch of claim 12, wherein:

the outer race includes a circumierentially disposed

groove bounded circumierentially and radially out-
wardly by a wall in a material forming the outer race;
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in the locked mode, the first circumfierential end contacts
the wall; and,

in the one-way mode, the first circumierential end 1s free
ol contact with the wall.

18. The switchable ratcheting clutch of claim 12, wherein:

the outer race 1includes a plurality of protrusions extending
radially inwardly;

a protrusion included in the plurality of protrusions
includes a first surface facing at least partly in the
second circumfierential direction; and,

in the one-way mode and for rotation of the inner race in
the first circumierential direction, the second circum-
terential end contacts the first surface of the protrusion
included in the plurality of protrusions.

19. The switchable ratcheting clutch of claim 12, wherein:

the outer race includes a circumierentially disposed
groove bounded circumierentially and radially out-
wardly by a wall in a material forming the outer race;

the outer race includes a plurality of protrusions extending
radially imnwardly;

in the one-way mode, the second circumierential end
contacts the plurality of protrusions;

in the locked mode, the first circumferential end contacts
the wall; and,

the wall 1s axially ofl-set from the plurality of protrusions.

20. A switchable ratcheting clutch, comprising:

an axis of rotation;
an inner race including a pocket and a radially outermost
surface;
an outer race;
a cage:
radially disposed between the mner race and the outer
race; and,
including a ramp sloping radially inwardly 1n a first
circumfierential direction;
a pawl including:
a portion pivotably disposed in the pocket;
a first circum{ierential end; and,
a second circumfterential end; and,
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a resilient element:
in contact with the inner race and the first circumier-
ential end; and,
urging the pawl around a pivot axis passing through the
portion of the pawl and parallel to the axis of
rotation, wherein:
in a locked mode of the switchable ratcheting clutch:
the cage 1s 1n a first circumierential position
around the axis of rotation and with respect to
the inner race;
the ramp contacts the pawl;
the second circumierential end of the pawl con-
tacts the outer race; and,
the inner race and the outer race are non-rotatably
connected:
in a one-way mode of the switchable ratcheting
clutch:
the cage 1s 1n a second circumierential position
around the axis of rotation and with respect to
the 1nner race;
the first circumierential end of the pawl contacts
the outer race:; and.,
relative rotation of the inner race around the axis
ol rotation and with respect to the outer race 1s
enabled only 1n a second circumierential direc-
tion, opposite the first circumierential direction;

in a freewheel mode of the switchable ratcheting
clutch:
the cage 1s in a third circumierential position
around the axis of rotation and with respect to
the inner race;

the ramp contacts the pawl; and,

the inner race 1s rotatable with respect to the outer
race 1n the first circumierential direction and 1n
the second circumfierential direction; and,

the cage 1s arranged to be rotated, around the axis of
rotation and with respect to the inner race, by an
actuator to switch the switchable ratcheting clutch
among the locked mode, the one-way mode, and
the freewheel modes.
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